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Spin transfer torque enables the efficient manipulation of magnetization in nanoscale magnetic devices [1] [2] [3] . Spin torque due to the flow of a spin-polarized charge current within conventional two-terminal magnetic tunnel junctions (MTJs) and magnetic multilayer devices has been studied intensively and is being developed for technology. In addition, it has been shown recently that in multiterminal device structures a spin torque can also be exerted by a nonlocal pure spin current (meaning a spin current associated with zero net charge flow, as distinct from a spin-polarized charge current) [4] [5] [6] [7] , in agreement with predictions [8] . This nonlocal spin torque can be sufficiently strong to cause magnetic reversal [4] [5] [6] [7] . However, thus far the only means of detecting nonlocal spin torques in multiterminal devices has been to observe full magnetic reversal, which does not provide a quantitative torque measurement and which yields information only in the high bias regime. Here we report measurements of nonlocal spin torque using spin-torque-driven ferromagnetic resonance (ST-FMR) [9] [10] [11] [12] [13] [14] , a technique that is both quantitative and that operates for any applied bias. We compare the measured nonlocal torque to the prediction of an effective circuit model of spin transport, finding reasonable agreement, and we suggest strategies for further optimization.
The device geometry we consider is a 3-terminal structure consisting of a lower all-metal spin valve with a MTJ on top [ Fig. 1(a) ]. Nonlocal spin-torque switching has been measured previously by the IBM group in devices with the same design, except for a slightly thicker spin injection layer [6] . An applied charge current passes from a bottom TaN electrode (terminal T1) approximately 100 nm in diameter through an exchange-biased PtMn(17.5 nm)/Co 70 Fe 30 (3.5 nm) bilayer (magnetic layer F1) and out of the device laterally through a PtMn (17.5 To perform an ST-FMR measurement of the nonlocal spin torque, we first apply a magnetic field H in the sample plane approximately perpendicular to the exchange-bias direction so as to turn the magnetization of the free layer F2 away from the magnetization of F1 and F3. Layer F2 has a small coercive field (~ 30 Oe), so that to a good approximation in a magnetic field of order 1 kOe it aligns to the field direction. Layers F3 and F1 are reoriented by lesser amounts because 
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is a symmetric Lorentzian peak as a function of ω or H, ( ) 
Here α is the Gilbert damping coefficient, A fit of Eq.
(1) to a measured resonance lineshape is included in Fig. 1(d The strength of the nonlocal spin torque can be determined most accurately [15] from the resonance measurement by using Eq. (2) to analyze the dependence of the resonance linewidth on I SV . A similar approach has been used previously to measure the spin torque due to pure spin currents generated by the spin Hall effect [16, 17] . We show in Fig. 2(a) The value of the nonlocal torque that should be expected theoretically can be estimated using an effective circuit model [20] [21] [22] [23] for spin transport. For the case SV θ = 90°, the simple effective circuit in Fig. 3 applies. (For other angles, as noted above, we expect the spin torque should be proportional to sinθ SV .) In this circuit model, we assume that the spin accumulation relaxes only by flow to the free layer F2 or by flow through the normal contact N' toward T2.
Using materials parameters appropriate to our sample geometry, we estimate that the spin-dependent resistances appropriate for N', the spin injector layer F1, the Cu(N) spacer N, and 
The prediction of the circuit model is therefore in quite reasonable agreement with our measurement.
To achieve optimal efficiency based on Eq. (3), the device parameters should satisfy three conditions: (i) a large intrinsic injector polarization
small spin resistance for electrons going from the injector to the magnetic free layer to apply a spin torque, 
